In a recent publication we have presented the results o f our experiments on the proliferation, viabi lity, synthesis of macromolecules and transport of amino acids of Ehrlich ascites tum or cells grown in serum free medium supplem ented with album in [1] . These investigations were perform ed with cells cul tured over a period of 24 h and have shown that optimal cell growth is obtained in nutrient medium supplemented with 1% bovine serum album in (Cohn fraction V, Serva); cell proliferation under these con ditions is reduced to 50% as com pared to controls in normal medium and a m arked trend of the cells to attach to glass has been observed.
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Our further studies on the synthesis o f membrane components of the cells in serum depleted nutrient medium have revealed [2] that the uptake and in corporation of ethanolamine but especially o f cho line increases drastically in album in supplem ented medium.
In the present communication we report the re sults of studies with Ehrlich ascites cells grown for several passages in serum depleted m edium con taining albumin. These experiments give some in formation on the question, how long it may be possible to maintain macromolecular synthesis and cell proliferation of Ehrlich ascites cells in a chem ically defined buffered m edium without addition of specific growth factors. 
Materials and Methods
All chemicals used were of "p. a. grade" or for "biochemical purposes" from Merck, Darmstadt, Serva, Heidelberg or Roth, Karlsruhe. Biochemicals were from Boehringer, Mannheim and Sigma, M ün chen. Radiochemicals were purchased from Amersham, Braunschweig or Schwarz/Mann, Heidelberg. Horse serum was a gift from Behringwerke, M ar burg. Bovine serum album in was purchased from Serva, Heidelberg. Microcillin was a gift from Bayer, Leverkusen.
Cells and culture media
Hyperdiploid Ehrlich ascites tum or cells, serially grown in the peritoneal cavity of female NM RI mice were transferred to m odified Eagle m edium [3] supplemented with 15% horse serum, 30 mg/1 strep tomycin and 575 mg/1 Microcillin Bayer. Unsiliconi zed glass flasks were used for suspension cultures. For this line of EAT cells the nutrients of the m edium were sufficient for a 24 h culture period. After this period the cells were collected by centri fugation and resuspended in fresh medium giving rise to a cell density of about 6.5x 105 cells/ml. For further details see ref. [4] . Growth was estimated by turbidity measurements of cell suspension at 578 nm [5] . An appropriate calibration curve was obtained by enum eration of cells with a hemocytometer. Viability of cells was assessed by staining with 0.1% nigrosin. Albumin containing media were prepared by dis solving bovine serum album in in serum free me dium. 20 mM HEPES was added to enhance the buffer capacity of the culture medium. This buffer substance has no effect on the proliferation rate and num ber of dead cells. 
Amino acid transport
Rates o f uptake o f amino acids were measured in the appropriate intervals by incubation o f the cells with [2-14C-a]aminoisobutyric acid (spec. act. 51m C i/ mmol) or [14C-cyclo] leucine (spec. act. 60 m C i/m m ol) and determ ination of the radioactivity in the acid soluble fraction. The amino acids were diluted to a final activity of 2 ^C i/m l; 0.1 ml were incubated with 1 ml cell suspension for 10 min at 37 °C. The uptake of label was measured in 0.5 ml supernatant in Rotiszint 11 (Roth, Karlsruhe) in a Packard Tricarb scintillation spectrometer after destroying the cells with 1 ml 5% trichloroacetic acid.
Uptake o f [2-deoxy-D-l-3H ] glucose
Rates of uptake of [2-deoxy-D-l-3H] glucose were measured with samples of 1 ml cell culture. The cells were packed by centrifugation, washed with 10 ml of glucose free medium, and resuspended in 1 ml nor mal medium or album in m edium containing 2.5 x 10-4 m D-glucose and 0.5 jiCi 2-deoxyglucose (spec, act. 51 m Ci/m m ol), after 10 min incubation with shaking, the cells were collected by centrifugation, washed two times with Hanks solution and ex tracted with 1 ml 10% trichloroacetic acid. R adio activity was measured in 0.5 ml of the extract in 10 ml R22 in a Tri Carb 3003.
DNA-Histograms
DNA-histograms of the cells were obtained with the flow cytometer ICP 11 from Phywe, Göttingen. The cells were prepared for the measurements as described by Schumann and G öhde [7] . As a simple param eter for the description of the relative cell cycle distribution we used the G 2 in % of G 1 value (= G 2/G 1 x 100) [8] .
Results and Discussion

Growth and viability
All experiments described were performed in se rum free culture m edium supplemented with 1 -2% bovine serum album in (Cohn-fraction V) from Serva. As we have shown in a previous communication [1] , album in of this source was most suitable for our purposes because optimum growth rates were ob served and adhesion of the cells to glass was less than with other albumin preparations tested. Growth rates and num ber of dead cells in 1% albumin medium and in normal medium over several pas sages in vitro are illustrated in Table I . The param eters were measured in each case at the end of the passages. Fig. 1 growth curves and the G 2/ G 1 ratios, which were calculated from DNA histograms o f the cells at the appropriate intervals. While in the first passage in album in m edium , the growth rate o f the cells is still about 50% o f the controls in normal medium, it decreases drastically in the 3rd and 4th passage with a tenfold increase of the num ber of dead cells in the 4th compared to the 2nd passage. Obviously serum albumin alone can not even preserve the viability for several passages. It should be noted however, that growth of these cells in normal medium also decreases always in the 3rd passage and then remains constant. The reason for this decline of cell growth is discussed extensively by Woo et al. [9] and Barford et al. [10] ; variations in cell cycle time, loss of cells or accumulation of cells in G 1 are suggested to be responsible for the re duced proliferation rate. Beginning with the 2. pas sage in album in medium, aggregation of the cells and irregularities in their size were observed. Similar impairments of cells in serum free cultures are described by Knutson [11] with mouse sarcoma cells. Some informations on the cell cycle distribution of cells grown in album in medium were obtained from DNA-histograms. From Fig. 1 it can be seen, that in the 3rd and 4th passage a delayed rise of the G 2/ G 1 ratio takes place which may be a conse quence of a prolongation of the cell cycle time. Typical DNA histograms which were used for the calculation of the G 2/G 1 ratios are shown in Fig. 2 .
Respiration and glycolysis of the cells were not significantly affected (data not shown).
Transport processes
It is generally accepted that album in has a stabi lizing effect on the membranes of cultured m am malian cells [12] . Since normal transport activities 
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are closely related to the integrity o f the membranes, we have studied the uptake of cr-aminoisobutyric acid, cyclo-leucine and 2-deoxy-D-glucose by EAT cells cultured in albumin medium over several pas sages. These amino acids were chosen to measure the activity of the N a + dependent A-system for the transport of neutral and the N a+ independent Lsystem for the transport of branched and cyclic amino acids [13] . The uptake o f a-am inoisobutyric acid and cyclo-leucine by the cells in the second to fourth passage is demonstrated in Figs 3 and 4 . The transport characteristics of the two am ino acids in normal medium are very similar over the three passages in vitro. In album in medium, a slow de crease o f the uptake of a-aminoisobutyric acid is ob served which amounts to 50% of the controls at the end of the fourth passage in vitro. Somewhat more complex is the uptake of cyclo-leucine in album in medium. In the first passage in albumin medium (= 2nd passage in vitro) the uptake of cyclo leucine by the cells is much higher than in normal medium and passes through a maximum; this is in agreement with the enhanced utilization by the cells of leucine and isoleucine previously described for the first pas sage in album in medium [1] . In the 3rd and 4th passage the uptake of cyclo leucine follows a m ini mum curve; but even at the end of the 4th passage the control values are found again. Obviously the Asystem and L-system for the transport of amino acids are differently affected by the exchange of Z P a ssa g e 3. P assage^.Passage 2. P a ssa g e 3.Passage^Passage serum for albumin in the nutrient m edium. These results demonstrate further, that no simple correla tion between the uptake o f amino acids and the growth rate and protein synthesis (see below) in album in medium exists. Therefore, it seems unlikely that the level of intracellular amino acids regulates growth. No experiments have yet dem onstrated that transport is a primary regulator of cell growth and evidence is accumulating that contradicts this hypo thesis [14] . The uptake o f 2-deoxyglucose (Fig. 5 ) by cells grown in normal medium exhibits a slight increase over several passages; at the end of the 4th passage it is about 30% higher than in the 2nd passage. Growth of the cells in serum free m edium supple mented with 2% album in produced decreased 2-deoxyglucose uptake, which was determ ined to be 30 -60% o f the controls. As was shown by Cunning ham [15] , hexose uptake seems not to be causally linked with the proliferative state of cultured cells. Our experiments are in agreement with this observa tion.
M acromolecular synthesis
DNA-, RNA-and protein synthesis o f cells grown in normal and serum free medium supplem ented with 2% album in measured by the incorporation of labelled precursors are illustrated in Figs 6 , 7 and 8.
In normal medium the incorporation of thym idine and leucine into the acid insoluble fraction of the cells corresponds to the proliferation rate; the net rate of protein accumulation is directly proportional to the growth rate. The uptake of thymidine, the activation of thym idine kinase and the incorporation o f the nucleotides into DNA are closely coupled processes and take place only during the synthesis of DNA [16] . The thym idine nucleotide pool during the S-phase is therefore nearly constant [17] and the ra dioactivity of the DNA is therefore a fairly reliable measure of the rate of DNA-synthesis. However, a different incorporation pattern is found for uridine; even in normal m edium a countinuous decrease of radioactivity in the acid precipitate after incubation of the cells with labelled uridine is observed. Stimu lation of the endogenous nucleoside synthesis by glucose as is described in ref. [18] accounts presum ably for the incorporation rate decreasing over several passages. This stimulation of nucleoside syn thesis may cause a dilution of the labelled precursor and thereby simulates a decrease in RNA synthesis. DNA and protein synthesis are strongest affected in serum free medium supplemented with albumin. A rapid and considerable decrease of thymidine and leucine incorporation is already observed in the first passage in serum depleted medium. This confirmes the well-known dependence of DNA synthesis on concomitant protein synthesis [14] . Concerning the incorporation of [14C] uridine into the cells in al bum in medium an unexpectedly high radioactivity in the acid insoluble fraction is observed even in the 4th passage. As is well known from the literature [19, 20] the incorporation of labelled uridine into acid insoluble fraction of cells does not always give a reliable measure of the RNA synthesis. We there fore do not assume that in albumin medium the rate of RNA synthesis is really greater than under normal conditions.
Referring to the question, how long it may be possible to m aintain viability, cell proliferation and macromolecular synthesis of Ehrlich ascites tum or cells in a chemically defined medium, the present experiments demonstrate, that this cell line may be preserved in a fairly "physiological" state during two passages in albumin medium. There is no doubt that many problems can be studied using this cells in albumin medium and that by far more reliable results will be obtained in the presence of albumin than in buffer solutions only, which are frequently employed. This seems to be especially im portant for investigations regarding transport processes and mem brane properties. At the present time, however, all experiments concerning proliferation kinetics and cell cycle of Ehrlich ascites tumor cells can only be performed in serum containing media.
